I
The electroweak theory is now well established in e+e-annihilation for the reactions e+e-+ ,X+/J-and e+e-+ r+r-through observation of the charge asym-. metry in the angular distributi0n.l In contrast to these purely leptonic reactions, the weak neutral couplings of the quarks are not well determined experimentally due to complications introduced by final state hadronization of the quarks and the large cancellation of the angular asymmetry between u-type quarks (u-and c-quark) and d-type quarks (d-, s-, and b-quark) .
The weak neutral couplings of charm and bottom quarks have been measured via semi-leptonic decays of heavy flavored mesons or reconstructed charmed mesons.2 Although flavor tagging methods allow the study of these two heavy quarks separately, the statistical significance of the measurements is limited due to the low tagging efficiencies. In this paper the charge asymmetry of jets in inclusive hadronic events is used to study the weak neutral coupling of all quarks.
The measurement of a jet charge asymmetry was first reported by the MAC collaboration for hadronic events accompanied by a hard photon in the reaction e+e-+ qq~.~ In this reaction the charge asymmetry is largely a QED effect and the emphasis was primarily to measure quark charges. In the present study the jet charge asymmetry measurements have been extended to all two-jet events, and in this case the charge asymmetry is expected to result primarily from electroweak effects.
The measurement of jet charge has also been reported in deep inelastic lepton scattering4 and neutrino scattering. 5 Since only u-or d-quark initiated hadronic jets are produced in these reactions in contrast to the e+e-case, the quark fragmentation process and charge flow can be studied. In these measurements and in the previous MAC work, it has been shown that 1) jet charge measurements provide a reliable method to tag the charge of the parent quarks; 2) the leading hadron in the jet has a high probability of containing the parent quark as a constituent; and 3) currently available Monte Carlo models of quark fragmentation reproduce the data quite well. 2) The thrust is required to be greater than 0.8 with 1 cos 81 < 0.8, where 6' is the polar angle of the thrust axis. 3) To reduce e+e-+ r+r-background in events with fewer than 7 tracks, the tracks in at least one hemisphere are required to have an invariant mass greater than 1.78 GeV/c2. A total of 80,380 events satisfy these requirements.
The jet charge Qj,t in each hemisphere is determined by:
where Qi is the charge of the i'th charged particle of the hemisphere, vi is the rapidity of the i'th particle and K is a constant.* The simple sum of the charges corresponds to n=O. The sum is taken over all the charged tracks with momentum greater than 100 MeV/c that have at least 6 drift chamber hits, and over all tracks with momentum greater than 500 MeV/c that have only 5 drift chamber hits.
The weight qr is introduced since particles with larger rapidity are expected to have a higher probability of carrying the parent quark flavor.
Various jet charge combinations are observed. In a perfect detector events would contain either two neutral or oppositely charged jets. Loss of tracks due to detector acceptance and drift chamber inefficiency results in some events having jets with the same sign charge. Moderately small values of K give a higher efficiency for yielding events with oppositely charged jets. The value K = 0.2 was chosen to maximize the number of these events. Using these 49,402 events with oppositely charged jets, the jet charge asymmetry is measured from the polar angle distribution of the thrust axis, where the polar angle is defined to be the angle between the direction of the incident positron and the thrust axis, taken in the direction of the positively charged jet.
The charge asymmetry can also be measured using other techniques for determining the jet charge. For example, the jet charge asymmetry may be measured using only the leading particle in each jet to assign the jet charge. Also, rather than the charge asymmetry of the jets, the charge asymmetry may be determined using individual high rapidity charged hadrons. These methods have been examined, and yield consistent results, but the expected and measured charge asymmetries are smaller.
A Monte Carlo event sample was generated based on the standard electroweak theory. Events were generated with the program of Berends, Kleiss and Jadach for e+e--+ qa(r),' and the quark fragmentation and QCD corrections were subsequently simulated with the Lund program. ""' These events were then processed through a detector simulation program and subjected to the same analysis procedure described above. A small charge asymmetry is expected to arise from QED due to interference between lowest order and higher order QED diagrams.
This asymmetry was determined from the Monte Carlo and found to be negligible compared with the electroweak contribution.
Neglecting quark masses and radiative effects, the differential cross section for quark pair production is given in the electroweak theory as:
Z%,(l + COS2 8 + :A,, COS e).
R,, is the ratio of the total quark-pair cross section to the lowest-order QED muon pair cross section, and is given by 4, = 3(Qi -2Qq&&Rex + (sG2 + si2)(g;2 + s~2)lx12),
where Qq is the quark charge and g;q and g>q are the vector and axial-vector electroweak coupling constants of the electron and quark respectively. A,, is the forward-backward asymmetry for full acceptance and is given by:
A,, = 3(-iQ,&@ex + 3&&&g>lx12)/%qs
The quantity x is given by The measured differential cross section after efficiency and radiative corrections is shown in Fig. l(a) , with the dotted curve representing the pure QED distribution.
The overall normalization of the data was adjusted to agree with the theoretical prediction.
The difference between the measured cross section and that expected from pure QED, normalized to the total QED cross section, is shown in Fig. l(b) . The data clearly shows the expected linear dependence on cos 0. The average charge asymmetry determined by a maximum likelihood fit is (A) = +0.028 f 0.005 where the error is statistical. The fit is shown by the solid lines in Fig. l(a) and 1 (b) . I n order to minimize any bias introduced by the magnetic field, the magnetic field polarity was reversed periodically. The data samples for each polarity were examined separately and found to be consistent. 14. B. R. Webber, Nucl. Phys. B238, 492 (1984) . Fig. 1 
